the pathology reports were sent a letter describing the study and were asked for permission to contact the patient, and to provide the patient address, telephone number, and vital status.
The random selection of controls was based on the following criteria: (1) females never diagnosed with cancer of the breast, (2) aged 25-74 years, and (3) alive and resident of Ontario. The population-based assessment rolls of the Ontario Ministry of Finance were used to identify eligible controls. These records are organized by geographical region, include all home owners and tenants, and list age, sex, telephone number, and address. There is evidence that 95% of cases can be located in these rolls, indicating a high degree of completeness (Holowaty EJ, personal communication). Controls were frequencymatched to cases within 5-year age groups.
Data collection
A mailed self-administered questionnaire included questions about past use of AD and other medications as well as information on many other known or potential risk factors for breast cancer. The questionnaire was 21 pages in length and extensively pre-tested and contained colour pill photographs of commonly prescribed AD, as well as non-steroidal antiinflammatory drugs, antihistamines, benzodiazapines, hormones, and oral contraceptive preparations. In addition, subjects listed 'others' used that were not shown as a photograph. Subjects were asked to report details regarding use, such as the start and stop age for each medication taken. Subjects were also asked whether they had been diagnosed with various mental illnesses.
Follow-up procedures involved a reminder postcard sent to all women within 2 weeks of questionnaire mailing, and a telephone follow-up for non-responders. Telephone calls were also made after receipt of questionnaires to clarify information provided. Strategies for increasing response rate included a personalized cover letter and, for the controls, a $5-payment which was demonstrated to enhance the cumulative response rate. 20 
Data analysis
Multivariate logistic regression analysis was performed using EGRET software. 21 Exposure variables included ever/never use of any AD, duration of use, age at first and last use, and menopausal status at time of use. AD were also evaluated by class: SSRI, TCA, monoamine oxidase inhibitor (MAOI), and atypical. In addition, use of individual medications was examined when the numbers were sufficient. Reported use of AD in the one-year period prior to diagnosis date for cases, or a referent date (based on the mid-point of case diagnoses) for controls, was excluded from the analysis. In a secondary analysis, risk factors described as having a definite or probable association with increased breast cancer risk in the Harvard Cancer Risk Index 22 (age, height, body mass index, age at menarche, parity, age at menopause, oral contraceptive use, alcohol consumption, family history of breast cancer, history of benign breast disease) as well as indication for use of AD (depression and anxiety) were all included in a multivariate model to determine the multivariate adjusted odds ratio (MVOR).
The 10% change-in-estimate method was used to assess potential confounders. 23 Potential confounding variables included demographic (marital status, education, income), reproductive (menopausal status, age at last menstruation, age at menarche, number of pregnancies, number of live births, age at first live birth, history of breastfeeding, months of breastfeeding), anthropometric (height, weight, body mass index), medical (family history of breast cancer, diagnosis of benign breast disease), psychiatric (history of symptoms of depression, anxiety, posttraumatic stress, obsessions and compulsions, anorexia or bulimia, diagnosis of clinical depression), lifestyle (alcohol consumption, physical activity, dietary fat consumption, smoking status and exposure to smoke), and use of other medications (hormone replacement therapy, oral contraceptives, nonsteroidal antiinflammatories, and benzodiazepines).
Results
The response rate was 73% (3133/4289) for cases and 61% (3062/5001) for controls. Table 1 describes selected characteristics of cases and controls. Cases were significantly more likely to have breast cancer in a first-degree relative, a history of benign breast cysts, later age at menopause, and fewer than four pregnancies. Table 2 shows the frequency distribution of cases and controls, AOR (age-adjusted odds ratio) and MVOR estimates and 95% CI for any regular AD use, duration of AD use, and time since first and last use. There was no confounding by any of the variables previously mentioned when using the 10% change in estimate criterion, so the most parsimonious model, adjustment for age only, is also presented. 'Ever' use of AD was associated with a statistically significant increased breast cancer risk, though the magnitude of association was modest (AOR = 1.17, 95% CI: 1.01, 1.36) and was not statistically significant in the multivariate analysis (MVOR = 1.2, 95% CI: 0.96, 1.51). No increased risk was observed with trends in duration of use, or time since first or last use. AD use prior to menopause was associated with a statistically significant increased breast cancer risk (AOR = 1.28, 95% CI: 1.07, 1.54), but this was not observed among women who used AD only after menopause. MVOR point estimates did not differ significantly in any of the analyses, but did result in increased CI width and loss of statistical significance, due to increased standard error. Table 3 shows the frequency distribution of cases and controls, AOR, and MVOR for the four main classes of AD and for specific AD. The observed increase in risk was significant for SSRI in the AOR but not MVOR. In particular, sertraline and paroxetine were both associated with an increase in breast cancer risk (AOR = 1.58, 95% CI: 1.03, 2.41; MVOR = 1.45, 95% CI: 0.88, 2.40 and AOR = 1.55, 95% CI: 1.00, 2.40; MVOR = 1.6, 95% CI: 0.93, 2.77, respectively). In addition, SSRI used in the pre-menopausal period were associated with increased breast cancer risk (AOR = 1.32, 95% CI: 1.05, 1.66) (data not shown). No increased risk was observed for duration of use, or time since first or last use for any of the classes of AD; however, power was somewhat limited.
Discussion
The interpretation of the results of this study depend, in part, on the choice of statistical methods used to adjust for confounding. The MVOR results and the absence of a relationship with duration of exposure do not support the hypothesis that AD may increase the risk of breast cancer. Significant increased breast cancer risks were observed, in the age-adjusted parsimonious model, for 'ever' use and with SSRI, in particular Paroxetine and Sertraline, although these were not statistically significant in the multivariate analyses. The point estimates for the two analyses, AOR and MVOR, however, are essentially the same, suggesting the absence of confounding. Consistent with our findings, an association between certain AD and breast cancer risk was also reported in four other casecontrol studies. Kelly et al., 3 using a hospital-based case-control design, reported a 'borderline' increased risk of breast cancer associated with regular SSRI use (OR = 1.8, 95% CI: 1.0, 3.3) but did not find an overall association between 'ever' AD use and breast cancer. An elevated risk of breast cancer associated with the use of paroxetine and use of tricyclic medications for greater than 2 years was reported by Cotterchio et al., 1 although this case-control study had a limited sample size and CI were wide. To date, no other breast cancer study has evaluated paroxetine, a relatively new SSRI. Currently, more than 20% of women have ever used an SSRI; however, at the time this study was conducted, only 5% of controls reported using SSRI, which had been on the market for about 7 years. The possible association between the use of paroxetine and breast cancer risk observed in both the current study and one previous study warrants further investigation. Future studies should have adequate power to evaluate the individual and commonly used SSRI. Finally, Sharpe et al. 5 reported that 'heavy exposure' to TCA for greater than 10 years was associated with elevated risk of breast cancer.
No association between use of AD and breast cancer was found by Wang et al. 13 in a retrospective cohort study. AD use prior to or after the 2-year time frame of the study (1989) (1990) (1991) was not assessed and this could have resulted in misclassification of subjects exposed to AD before or after the exposure period. In addition, no subjects were prescribed more recent SSRI as these were only recently available, so these medications ANTIDEPRESSANTS AND BREAST CANCER 963 were not assessed. Friedman et al. 7 and Selby et al. 8 also reported no association between use of AD and breast cancer risk but these studies were also completed prior to the availability of SSRI.
Our study involved a large sample of cases and controls selected from population-based sampling frames, and used a questionnaire specifically designed to obtain information about use of AD and other potential risk factors for breast cancer. Nevertheless, potential bias and confounding are concerns of all case-control studies, in light of which our results must be considered. Since both cases and controls were selected from population-based sampling frames, selection bias may have been limited. Reponse bias is a significant concern as the response rate for cases was 73% and for controls was 61%. Our dataset replicates the risk factor associations 'known' to be associated with breast cancer risk, suggesting that the casecontrol comparison is not on the face of it a biased one.
The potential for recall bias is a significant shortcoming of our study although efforts were made to reduce this; the research hypothesis was not stated in the questionnaire, the questionnaire listed multiple medications of different types, and included photographs of anti-inflammatories, hormones and antihistamines, substantially de-emphasizing the focus on AD. As well, AD are currently not a widely suspected cause of breast cancer. Even in the absence of an obvious research hypothesis, cases may have made greater efforts to recall previous medication use or be more willing to disclose confidential information and this would tend to bias the results in favour of an association.
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It is unlikely that general over-reporting of medication use by the cases occurred in our study, since we found that NSAID medication use was associated with a decreased breast cancer risk. 24 In addition, in a study specifically designed to examine the issue of recall and misclassification, Cotterchio et al. 25 compared self-reported AD use with AD use recorded in physicians' records and found good agreement with physician records (kappa = 0.60, agreement = 80%; for use of specific AD agreement ranged from 82% to 100%) and more importantly no differential reporting of AD use by cases and controls.
Clinical depression or other factors could have resulted in confounding of the risk estimate. However, we found no confounding by any of the 30 variables assessed, including psychiatric history, such as depression or indication for use of AD. Furthermore, epidemiological evidence does not really support an association between depression and breast cancer risk. [26] [27] [28] [29] [30] [31] [32] Multivariate adjustment of the OR for depression and their possible risk factors did not significantly change any of the point estimates when compared with the age-adjusted estimates, also consistent with a lack of confounding. The inclusion of variables that may not confound in the multivariate model increased the width of the CI but should not rule out attention to the more parsimonious age-adjusted model.
The absence of an association between trends in duration of AD use and increased risk of breast cancer is not consistent with a causal interpretation of the results. However, recall error due to the limitations of memory, particularly for dosage and AD use many years prior to participation in the study, rather than bias, may reduce the likelihood of detecting an association. It is also possible that any risk association is not linear.
Plausible biological mechanisms to explain the increased breast cancer risk associated with AD use may involve: increased prolactin levels, altered oestrogen metabolism, altered metabolism of carcinogens, and other modifications of cellular proliferation. The mechanism by which AD produce elevations in prolactin is uncertain, but there is evidence that serotonergic agents stimulate prolactin release directly via postsynaptic 5-HT receptors in the hypothalamus 33 or by inhibition of tubuloinfundibular dopaminergic neurons. 34 Furthermore, the interaction between AD and cytochrome P450 enzymes may alter oestrogen metabolism or the bioactivation of carcinogens. 9, 10, 12, 14, [35] [36] [37] [38] With the increasing prevalence of use of AD and the public health importance of breast cancer, even a small increased risk may be of significant public health concern as this is a potentially modifiable factor. The aetiology of breast cancer risk is not yet understood and the majority of the risk factors identified to date show only a modest increase in breast cancer risk. Since breast carcinogenesis is a complex multistage process it is likely that the effects of exposure to AD, if any, would be difficult to detect above the background of other exposures and susceptibilities. Case-control studies may be too crude a tool to detect subtle effects unless guided by improved understanding of potential biological mechanisms. Further research might be directed towards neuroendocrine consequences of AD, the effects on intermediate breast cancer endpoints such as benign proliferative breast disease or breast tissue density, and the completion of improved postmarketing surveillance studies and well-designed cohort studies.
Animal studies indicate that neonatal exposure to antidepressants may induce or stimulate mammary tumour growth, and may enhance carcinogenesis in the colons of rats, and therefore might generally represent hazards for cancer in man. 1 Hence the search for a role for antidepressants in breast cancer in human studies, for example, will no doubt continue. Meanwhile these studies may cause alarm. 2 A paper from Ontario in this issue of the International Journal of Epidemiology continues this search-arguing for a small increase in risk-based on a large case-control study. 3 The authors state that since … breast carcinogenesis is a complex multistage process it is likely that the effects of exposure to antidepressants, if any, would be difficult to detect above the background of other exposure and susceptibilities.
Possibly, but maybe there really is no general causative association. 4 Clearly it is not possible to be at all certain about this relationship, and certainly not to recommend any change in the use 966 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY 16 Rosholm JU, Gram LF, Isacsson G, Hallas J, Bergman U. Changes in
